1. During the last centuries many alien species have established and spread in new regions, where some of them cause large ecological and economic problems. As one of the main explanations of the spread of alien species, the enemy-release hypothesis is widely accepted and frequently serves as justification for biological control. 2. We used a global fungus-plant host distribution data set for 140 North American plant species naturalized in Europe to test whether alien plants are generally released from foliar and floral pathogens, whether they are mainly released from pathogens that are rare in the native range, and whether geographic spread of the North American plan t species in Europe is associated wi th release from fungal pathogens. 3. We show that the 140 North American plant species naturalized in Europe were released from 58% of their foliar and floral fungal pathogen species. However, when we also consider fungal pathogens of the native North American host range that in Europe so far have only been reported on other plant species, the estimated release is reduced to 10.3%. Moreover, in Europe North American plants have mainly escaped their rare, pathogens, of which the impact is restricted to few populations. Most importantly and directly opposing the enemy-release hypothesis, geographic spread of the alien plants in Europe was negatively associated with their release from fungal pathogens. 4. Synthesis. North American plants may have escaped particular fungal species that control them in their native range, but based on total loads of fungal species, release from foliar and floral fungal pathogens does not explain the geographic spread of North American plant species in Europe. To test whether enemy release is the major driver of plant invasiveness, we urgently require more studies comparing release of invasive and non-invasive alien species from enemies of different guilds, and studies that assess the actual impact of the enemies.
Introduction
During the last centuries many alien species have successfully established and spread in new regions, where some of them cause large ecological and economic problems (Nentwig 2007 ). An explanation for the success of these alien species has been offered by the enemy-release hypothesis (Elton 1958; Crawley 1987) , which postulates that successful alien species have a fitness advantage over species native to the new region because alien species have been fully or partly released from their natural enemies, including herbivores a nd pathogens. *Correspolldellce author. E-mail: vkleullell@ips.ullibe.ch The enemy-release hypothesis is now one of the most prominent hypotheses in invasion biology (Hierro el al. 2005; lnderjit el al. 2005) and is frequently used as one of the main justifications for classical biological control programs (Mitchell & Power 2003; Hajek 2004) . Although most of these programs have failed (Babendreier 2007) , the few that have been successful have frequently been regarded as evidence supporting the enemy-release hypothesis (Crawley 1987 ; but see Keane & Crawley 2002) . To date, the strongest support for the enemy-release hypothesis comes from biogeographical studies th at compare infestation or damage by enemies between native and invasive populations of the same species (Colaulli el al. 2004; Liu & Stiling2006) . Most of these studies, however, included only widespread invasive alien plant species a nd no non-s uccessful alien species. The latter are, howeve t; a lso li ke ly to be released from natural enemies, a nd therefore, it remains largely unknown whether the establishment success and spread of a li en species is associa ted with release from enemies.
There are two nota ble exceptions to the general lack of tests of the actual association between enemy release and invasiveness or spread of alien plant species. Cappuccino and Carpenter (2005) assessed damage by herbivores for nine invasive a nd nine non-invasive alien plant species in Ontario and found the invasive ones significantly less damaged tha n the non-invasive species. These results are in line with the enemy-release hypothesis. However, the limi ted number of species studied and the lack ing assessment of plant damage by herbivores in the native range of the species precl udes generalizations on release from herbivores.
In another inspiring study, Mitchell and Power (2003) tested the release from viral pathogens and from foli ar and floral fun gal pathogens of 473 E uropea n plant species that have establi shed (i .e. have become nat ura lized) in North America. By using a global fun gus-host plant distribution data base, these authors showed ' th at, on average, 84% fewer fungal species infect a plant species in its naturalized North American range than in its native European range. Such a large degree of re lease from pathogenic fungi is surprising because spores of pathogenic fung i might easily be imported accidentally with plant material (Hulme et al. 2008) . Moreover, spores of some fungal pathogens might cover huge -even transa tl a ntic -distances by wind currents (Bowden et al. 197 1; Nagaraja n & Singh 1990) . Mitchell and Power (2003) a lso showed th at among the 45 declared noxious weeds (i.e. primarily species with a negative impact on agriculture) and among the 92 decla red invasive plant species in their data se t, the proportion of United States in which a species was declared noxious and the proportion of United States in which a species was declared invasive were positively associated with the release from fungal pathogens. As a consequence, t his study is the most widely cited empirical study in support of the enemy-release hypothesis, and has considerably contributed to genera l acceptance of enemy release as a key determinant of the spread of alien plants. However, it is not known whether these results can be generali zed to ta rget regions other th an North America.
T he results apparently supportin g the enemy-release hypothesis deserve a careful closer look (Colautti et al. 2004) . T he repo rted high rate of release of E uropean plants from funga l pathoge ns in North America might simply reflect an overall higher sampling effort in E urope than in North America due to a higher density of mycologists and a longe r hi sto ry of myco logy in E urope. Moreove r, because a li en plan ts are relatively new to the invaded habitat, one cannot exclude the possibility that mycologists have un der-sampled alien compared to native species. T hi s wo uld impl y t hat a lien pl a nt species might have accumul ated more pathogens than we are currently aware of. F urtherm o re, the positive associations of noxiousness and invas iveness with release from fun ga l pathogens (Mitchell & Power 2003) were o nly fo und when the non-noxio us and non-invasive a lien species were excluded from the data set. Noxio us weeds were, however, not released from more fun gal pathogens than non-noxious species (Mitchell & Power 2003) , suggesting that fun gal pathogen release might not be the major determinant of noxiousness and invasiveness of a lien pl ants. Finally, even if alie n plants have escaped so me of their fungal pathogens, it is li kely that they have mainly escaped the pathogens th at are ra re in their native range. Although rare pathogens might be highly virulent in local pop ulations, it is unclear to what extent the loss of rare enemies wi ll result in an effective release from damage for their host (Colautti et al. 2004) . For these reasons the ro le of release from fungal pathogens as a ca use of plant invasiveness might have been overestimated .
Here we analyse fungus-host plant distribution data for 140 North American pla nt species reported as established in E urope. T hi s allows us to test whether the results reported by M itchell a nd Power (2003) for E uropea n plants natura lized in North America are of a more general nature, and to take potenti al biases into account. In particular, we acco unted for potentia l bias due to differences in sampling effort between Europe and North America by adding to the E uropean fungal pathogens of a host, the ones of its native North American range th at have been reported in Europe but so far only on other pla nt species. Furthermore, we acco unted for sizeof the native di stribution of the host species, which is like ly to be positively associated with the number of pathogens (Mitchell & Power 2003) , and for minima l residence time of the host plant in Europe, which is likely to be positively associated with geographic range size of the host plant (Pysek & Jarosik 2005) . We addressed the fo llowing specific questions: (i) Are North American plant species released from their floral and fo liar fun gal pathogen species in E urope? (ii) Are North American pla nt species m a inly released from the ir rare pathogen species? (ii i) Is geographic spread of the North American plant species in E urope associated with their release from funga l pathogen species?
Methods

DA T A COLLECT ION
In o ur ana lysis, we included all 140 plan t species that are nat ura lized (i.e. have established wi ld populations) in Ge rm any (i .e. Central Europe) according to the BioFlor da ta base (www.ufz.de/bio lflor/ index .jsp; Kl o tz el at. 2002) and are native to (i .e. originate from) North America acco rding to the USDA Plants data base (http:// plants. usda.gov). We restricted o ur st udy to th e species of the BIOLFLOR data base, because th ese species share broadly simi lar climatic preferences, and because for most of the exotic species in th is data base the minimum resid ence time is known. Like Mitchell and Power (2003) , we used the USDA Fu ngus-H ost Distributi on data base (ht tp://nt.ars-grin .gov/fungaldatabaseslfungushost/fungushos1.cfm) to assess the number of fo liar a nd floral fu nga l pathogens reported o n each of the 140 plant species and th e number of records of each fun gus-host plant combi natio n in No rth America and in Europe. The funga l pathogens included rust (Basidi o I11yco ta-rusts) and SI11 ut (Basidiomycota -sI11 uts) fungi a nd powdery (Erysiphales), downy (Peronosporales) and black (Melio lales) mildews. Beca use the USDA Fungus-Host Distribution data base does not include data from two a uthoritative compilations of Centra l European (Gaumann 1959) a nd British (Wilson & Henderson 1966 ) rusts, we also added data for rust pathogens observed on the 140 host pla nts from these two compilations (also see Mitchell & Power 2003) .
For each of the plant species, as a measure of geographic sp read, we assessed the number of European geograph ic regions in which the species is established from the recently completed DAISI E data base (www.europe-aliens.org/; Lambdon el al. 2008) . The number of geogra phic region s is a crud e estim ate of the naturali zed range size of a species, beca use it does not account for the local abundance of species. However, in our data se t the number of Euro pean geographic region s occupied by a species correlates positively (Spearman's p = 0.693,11 = 140, P < 0.001) with the number of 10' longitude x 6' latitude grid cells the species occupies in Germany (www.florawebde). This indicates that our measure of geographic spread is robust.
As a meas ure of nat ive ra nge size, we in cluded the number of continental United States and Ca nadian provinces and territo ries in which the species occurs from the USDA Plants data base. 2002), the NOBA NIS data base (www.nobanis.org/) and the DAISIE data base.
ANALYSES
Because data on the number of fungal pathogen species per plant species in North America and Europe were not normally distributed, we com pa red them with the nonparametric Wilcoxon's-signed-rank test for paired data. To test whether the degree of release differed between the five gro ups of fungal pathogens, we used the nonparametric Friedman test for non-independent data . Both nonparametric tests were done with the statistical software SPSS, version 15 (SPSS Inc. 2006) .
To test whether North American plant species a re more likely to be released from their rare fun ga l path ogen species than from their com mon fungal pathogen species in Europe, we used logistic regression as implemented in the stati stica l so ftwa re GENSTAT, 9th ed iti on (Payne el al. 2005) . In this analysis, the bin omial response variable was the E uropean presence (yes, no) of each fungal pathogen that had been recorded on the host in North America, and the independen t variable was the number of records of each of these fungus-host plant com binations in North America. Beca use each host plant may have more than one associated fungal pathogen, we corrected for thi s non -i nd ependen ce by in cludin g ' host species' as a rand o m factor in the analysis.
To test whether the release fro m fungal path ogens is associated with the geographi c sp read of the North American plants in E urope, we a lso used logistic regression . In this ana lysis, the response variable wa s the number of Europea n regions in which the species has established nat ura lized popUlations. To a na lyse the number of regio ns as a bi nomial variable in the logistic regressio n, we set the bin omia l total to 52, which equa ls the number of geographic regions covered by th e DAISIE data base for terrestrial plants (i.e. effect ively, for each plant species we had presence-absence data for 52 regions, a nd the results apply to the proportion of Europea n regions in which a plant species has esta blished) . The main indepe ndent va riable of interes t was the difference in the number of fun ga l pathogens o n a 387 plant species between No rth America a nd Europe (i.e. the absolute release from funga l pathogens). Additionally, to correct at least partly for a potential under-sa mpling of the alien species, we analysed our estim ate of minimum release from fungal pathogens in which we also considered those fun gal pathogens of the native No rth A merican host ra nge that in E urope so far have only been reported on other plant species. To correct in both analyses for the number of fun ga l pathogens recorded on a plant species in North America, we included that number in the model before the absolute release from fungal pathogens. To assess whether the association between geographical spread and pathogen release is robust, we performed additional analyses in which we corrected for several variables that might affect geographica l spread of the North American host plants in Europe. Because the number of fungal pathogens found on a species in North America may depend o n the species' range size there (C lay 1995) , and because plants with a large native range size might have been more frequently introduced to Europe (i.e. have a higher propagule pressure; Pysek el al. 2004), we included the logarithm o f the number of continental United States and Canad ian provinces a nd territories in which the host plant occurs as a covariate in th e model. It has been suggested that only species that perform better in their natura lized than in their native range should be considered invasive (Hufbauer & Torchin 2007) . T herefore, an additional b e nefi t o f correcting spread in the natura lized ra nge for spread in the native range is that our analysis conforms to this definition of inva siveness. F urthermore, because the size of the nat ura lized range may increase with time since introduction a nd might depend on the taxonomic affinity of species, we included the loga rithm of minimum residence time as a covariate and taxonomic subcl ass as a factor, respectively, in the model.
To assess whether net effects of release were mai nly due to the esca pe from North American funga l pathogens or the gain of new European fungal pathogens, we also ran logistic regressions ana lysing escape from North American pathogens and gain of new E uropean pathogens separately.
Results
On average, 58.0% fewer fun ga l pathogen species were recorded for the 140 North American plant species in their nat ura lized E uropea n range than in their native North American range (Fig. I a; Wilcoxo n's-signed-rank tes t: Z = -6.634, 11 = 140, P < 0.001) . The release of North American plants was significantly dilTerent between the five groups of fungal pathogen species (Friedman test: X 2 4 = 70.9 1, P < 0.00 I). North American plants were significa ntly released from smut fun gi (-85.9%; Wi1coxon's-signed-rank test: Z = -5.978, n = 140, P < 0.001), ru st fun gi (-72.0%; Z = -4.131, n = 140, P < 0.001) and downy mildews (-75.4%; Z = -4.548, 11 = 140, P < 0.001) , but there was no sign ifi ca nt release from powdery mildews (+3.1%; 11 = 140, P = 0.901 ; Fig. SI in Supporting Information) . Black mildews were only reco rd ed in North America , but only on three of the 140 species, and as a conseq uence the rel ease from black mildews was not significant (Z = -1.342, n = 140, P = 0. 180; Fig. S I) .
When we consid ered the esti mate of minimum path ogen release rather than the reported release by add in g to th e Europea n fun ga l pathogens of a host, the ones of its native N orth American ra nge th at have been reported in Europe, but so far only on other plant species, the average release from This indicates that despite a significa nt, but sma ll , release of North American plant species from fungal pathogens in Europe, enemy-release does not apply to a ll types of fungal pathogens, and that there is potentially an enemy-ga in of some types of fungal pathogens. North American plants naturalized in Europe were on average much more released from their rare fungal pathogens, that is, from pathogens with lower numbers of records on the host in North America, than from their more common fungal pathogens ( Fig. 2; quasi-Fl.474 = 4.35, P = 0.038) . This might imply that the release from fungal pathogens might have little impact on the range dynamics of the host species.
Geographic spread of the North American plant species, measured as the proportion of European regions in which they have establi shed natura lized populations, was sign ificantly negatively associated with fungal pathogen relea se (quasi-Fwi = 8.40, P = 0.004), after correction for the number of funga l pathogens recorded on a plant species in North America (quasi-FI.I JI = 3.74, P = 0.055) . The negative association between geographic spread a nd fungal pathogen release remained significa nt ( Fig. 3a; quasi-Fl.I 2o = 6.89, P = 0.0 I 0) a fter correction for the positive effects of size of native range (quasi-FI.I 2o = 23 . 12, P < 0.00 I) a nd minimum residence tim e (quasi-Fl.I2o = 20.07, P < 0.001) on size of th e naturalized range and for plant taxonomic subclass (quasi-F9,12o = 1. 88, P = 0.061). Net release from fungal pathogens is composed of the escape from North American fungal pathogens and the accumulation of new European fungal pathogens. Geographic spread of the North American plant species in Europe was not significantly associated with escape from North American fungal pathogens ( Fig. S2a ; quasi-Fl.I2o = 1.84, P = 0.177), whereas it was positively associated with the gain of new European funga l pathogens ( Fig. S2b ; quasi-Fl.I 2o = 7.22, P = 0.008). This indicates that the negative association between spread and fungal pathogen release of North American plant species in Europe was mainly driven by the gain of new pathogens in Europe.
When we considered the estimate of minimum enemy re lease rather than the reported release by adding to the European funga l pathogens of a host, the ones of its native range that have been reported in the naturalized range, but so far only on other plant species, the negative association rem ained ( Fig.3b ; quasi-Fl.I 2o = 10.59, P = 0.001). Moreover, also when we restricted the analysis to the 69 North American species that are categorized as natural-area invaders in Europe (so-called agriophytes; K lotz et al. 2002) , the negative association between geographic spread and release from fungal pathogens remained significant (quasi-FI.56 = 10.91 , P = 0.002). These resu lts indicate that, based on total loads of fungal species, re lease of North American plant species from fungal pathogens in Europe does not explain geographic spread of these plant species.
Discussion
RELEASE FROM FUNGAL PATHOGENS
On average, 58.0% fewer fungal pathogen species were recorded on the 140 plant species in their natura li zed, European, range than in their native, North American, range. Although this indicates a large release from funga l pathogens of North American plants in Europe, it is considerably smaller than the reported release of 84% fewer fungal pathogen species on European plant species in North America (Mitchell & Power 2003) . Possibly, this difference in the rate of release from funga l pathogens reflects a higher sampl ing intensity in Europe compared to North America rather than a true biological pattern. In an additional analysis for 122 species that have established in both Europe and North America but originate from other continents, we found that, on average, 54.2% more fungal pathogen species were reported on each of these species in Europe than in North America . This suggests that there is a sampling bias between North America and Europe. When we correct the 84% release reported by Mitchell & Power (2003) for this sampling bias, the actual release is red uced to 75%.
Despite the apparently higher sampli ng intensity in Europe, the observed release of North American plant species from fungal pathogen species in Europe could a lso be due to a general sampling bias against alien compared to native pla n t species. In other words, some of a host's funga l pathogen species might be present in the naturalized range but might simply not have been reported for the host species yet (Colauui et al. 2004) . Indeed, when we additionally considered fungal pathogen species of the native, North American, host range that in Europe so far have only been reported on other plant species, the average release from fungal pathogens decreased to 10.3%. Even if some of these funga l pathogen species th at occur in the hosts' native ranges do truly not occur on the hosts in Europe yet, it is likely that the hosts will encounter them in the future, and thus that enemy release will decay over time.
The primary assumption of the enemy-release hypothesi s is that alien organisms are released from their enemies. However, the rate of release might depend on the nature of the enemies, in particular on their degree of host specialization (MlillerScharer el al. 2004) . While there was a significant release from smut and rust fungi, there was no significant release from downy mildews, and even a potential gain in powdery mildews (Fig. S I) . It is notoriously difficult to classify organisms as specialists or generalists (Novotny et al. 2002) , and particularly so for pathogens that may be associated with several hosts (implying that they are generalists), but have a high host specificity for some of their life cycle stages (Callan & Carris 2004) . Nevertheless, the potential gain in powdery mildews is probably due to the more generalized nature of powdery mildews compared to the other groups of pathogenic fungi in our analyses (Callan & Carris 2004) . Our results for enemy release from different groups of fungal pathogens clearly show that despite an overall release from enemies, enemy-release does not apply to all types of enemies.
In addition to foliar and floral fungal pathogens, plants are affected by many other guilds of enemies, such as soil pathogens, nematodes, bacteria, viruses and herbivores that might control plant range dynamics. Mitchell & Power (2003) showed that European plant species have also been released from viruses in North America but to a lesser extent than from fungal pathogens. Unfortunately, there are no large enemy-host plant distribution data sets available for most of the other guilds of enemies. Empirical studies on single or small groups of invasive plants frequently revealed plant release from these other guilds of enemies (herbivores and fungal pathogens: . However, it would be premature to generalize from such a limited number of species, and because these studies only include invasive species, they do not provide insight into whether the degree of invasiveness or spread is related to enemy release.
Another approach to test the enemy-release hypothesis is to compare richness of enemies or damage by enemies between invasive and native plant species. Carpenter and Cappuccino (2005) found that the average damage by herbivores was larger on 30 native species than on 39 exotic species in Ontario. Van Grunsven et al. (2007) found that there was a smaller negative plant-soil feedback for three exotic species compared to three native species in the Netherlands. However, a comparative study between 30 taxonomically paired native and exotic plants in Ontario showed that escape generally was inconsistent among different guilds of enemies (Agrawal et al. 2005) . Therefore, it remains open whether, averaged over all possible enemies, enemy-release is a major driver of plant invasiveness. Another open question is whether effects of release from different enemies might interact. Such interactions are likely because infection with pathogens might make some plant species less (Rayamajhi et al. 2006) Although many studies have reported release of alien plants from enemies, we are aware of only one experimental study that tested whether invasiveness is driven by enemy release. Cappuccino and Carpenter (2005) found that damage by herbivores was lower for nine invasive alien plant species than for nine non-invasive ones in Ontario. This is a promising approach and future studies should assess experimentally how invasiveness is related to the degree of release from other guilds of enemies such as soil pathogens, nematodes, bacteria, viruses and foliar and floral fungal pathogens.
DEPENDENCE OF ESCAPE ON RARITY OF THE FUNGAL PATHOGEN
Fungal pathogens that are rare in the native range of a host plant might be as virulent as or even more virulent than widespread pathogens, but the impact of rare pathogens on population dynamics is more localized and therefore less likely to drive the range dynamics of the host species in the native range. In the naturalized range these rare pathogens might, however, be as important as or even more important than widespread pathogens in driving the range dynamics when the naturalized range is still small, while this is less likely the case when the naturalized range is already large. Therefore, it is unclear whether the release from rare pathogens will drive range dynamics of the alien plant species (Colautti e/ al. 2004) . We found that North American plant species naturalized in Europe were on average much more released from their rare pathogens, that is, from pathogens with lower numbers of records in North America, than from their more common pathogens (Fig. 2) . Possibly, to some degree this association might simply reflect that pathogens that are rare in the native range of a host are also bound to be rare in the non-native range, and as a consequence are less likely to be detected. However, the main biological consequence of their rarity in the native range is a lower chance to be introduced into the non-native range. Therefore, the detected much higher release from rare than from common pathogen species might imply that, overall , the release from fungal pathogens could have little impact on the range dynamics of the host species.
GEOGRAPHIC SPREAD OF PLANTS AND RELEASE FROM FUNGAL PATHOGENS
While we found that, overall, North American plant species a re released from fungal pathogen species in Europe, there was large variation in the degree of release among the 140 plant species, and some species were associated with even more fungal pathogen species in Europe than they were in North America (Fig. I) . Therefore, a test of the enemy-release hypothesis should not be restricted to only investigating whether there is a release of alien pl ants from enemies but also whether actual invasiveness or geographic spread of the host species is associated with such enemy release (Mitchell & Power 2003; Cappuccino & Carpenter 2005) . Directly opposing the predictions of the enemy-release hypothesis, the proportion of European regions in which a North American plant species has established naturalized populations -the only available measure of geographic spread of these plant species in their new range -was significantly negatively associated with fungal pathogen release after correction for the number of funga l pathogens recorded on a plant species in North America. This is also the opposite result to the positive association between invasiveness and proportional release from pathogens reported for European plants naturalized in North America (Mitchell & Power 2003) . In contrast to Mitchell and Power (2003) , we corrected for taxonomic subclass, minimum residence time and native range size. However, even when we did not correct for these variables, the negative association between geographical spread of the North American plants in Europe and their pathogen release was significant. Moreover, when we, like Mitchell and Power (2003) did, included in the analysis proportional pathogen release as the ratio between num ber of pathogens in Europe and the num ber of pathogens in North America , which biases the data set against plant species without pathogens in North America, the association between geographic spread and pathogen release remained significantly negative (results not shown). Furthermore, when we, like Mitchell and Power (2003) did, restricted our data set to naturalized species categorized as natural-area invaders, the negative association remained significant. Therefore, it is very unlikely that the contrasting results for European plant species in North America and North American plant species in Europe are a consequence of differences in methodology.
The negative association between geographic spread of North American plants in Europe and pathogen release could reflect that North American plants with a restricted naturalized range in Europe are less likely to have encountered their potential pathogens yet. If this were the case, one would expect a negative association between size of the naturalized range and the number of pathogens from the native range that have so far only been reported in Europe on other plant species. We, however, did not find such a negative association (Spearman's p = 0.142, N = 140, P = 0.093; note that the trend of the non-significant correlation is even positive). Therefore, also the strength of the negative association between geographic spread and pathogen release did not decrease after adding to the European fungal pathogens of a host, the ones of its native range that have been reported in Europe but so far only on other plant species (Fig. 3) . Thus, based on total loads of fungal species, release from foliar and floral fungal pathogens does not explain the geographic spread of North American plant species in Europe.
One possible explanation for the negative association between geographic spread of North American plants in Europe and their release from fungal pathogens is that it reflects a trade-off between the high expansion capacity of some species and their ability to defend themselves against enemies. If species with a high capacity for spread are more vulnerable, they are likely to accumulate more enemies in the non-native range. This idea corresponds well with our finding that the negative association between geographic spread and release mainly reflects a positive association between spread and accumulation of new European fimgal pathogens. At the same time this finding indicates that the accumulated new fungal pathogens hardly influence the geographic spread of their new host species.
While the negative association between geographic spread of alien plant species and their release from pathogen species contradicts the predictions of the enemy-release hypothesis, it supports some of the opposing hypotheses that have received Colautti el al. 2004) . For example, the parapox virus that was introduced into Europe with the grey squirrel from North America is reducing populations of the European red squirrel to a larger extent than the populations of the grey squirrel (Tompkins et al. 2003) . Clearly, understanding and counteracting spread of alien plants very urgently requires tests of the general importance of these currently neglected alternative hypotheses.
Conclusions
Our results show that North American plants accumulate not much fewer fungal pathogen species in Europe than in their native range. Moreover, we show that the North American plant species are mainly released from their rare pathogens. Most importantly, we show that geographic spread of the North American plant species in Europe is negatively instead of positively associated with the release from fungal pathogens. One obvious limitation of our study is that we assessed fungal pathogen richness while we could not assess pathogen virulence. Although it is likely that a large number of fungal pathogens will include some highly virulent ones, this is not necessarily the case. Future studies should therefore assess the impact of fungal pathogens in the native and naturalized ranges of successful and unsuccessful alien plant species. Furthermore, our fungus-focused study cannot preclude that the predictions of the widely accepted enemy-release hypothesis hold for other guilds of plant enemies. Our results show, however, that, based on total loads of fungal species, release from floral and foliar fungal pathogens does not explain geographic spread of North American plant species in Europe. To test whether enemy release is the major driver of spread of alien plant species, we urgently require more studies comparing release of successful and non-successful alien species from other guilds of enemies.
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